It is a source of lost productivity in the workplace 4 and increases motor vehicle accident risk. 5 OSA has also been implicated as a cause of hypertension, 6 with studies showing small but consistent falls in blood pressure following continuous positive airway pressure (CPAP) treatment. 7 Epidemiological studies have also shown OSA to be independently associated with an increased risk of diabetes 8 and cardiovascular disease, 9, 10 although definitive evidence for a causal link with these diseases awaits the results of large-scale randomised controlled trials of OSA treatment. In the early 1990s, the prevalence of OSA in the community in the United States, determined by polysomnography (PSG), was shown to be 24% of adult men and 9% of women, 11 with recent evidence suggesting a further increase due to the obesity epidemic and an ageing population. 12 OSA is now recognised as a major public health and economic burden, with an estimated cost to the Australian community of more than $5.1 billion a year in health care and indirect costs. 4 The purpose of this article is to describe the key issues in evaluation and management of OSA, to assist health care professionals to better engage in OSA management. We outline several evidence-based models of care that could be scaled up to allow the primary care physician to have a greater role in addressing the high burden of OSA in the community. To do this, primary care health professionals must be skilled in identifying those at high risk of OSA who are likely to benefit from treatment and must know which investigation to order, what treatments to recommend, and when specialist referral is needed.
Polysomnographically determined versus clinically important OSA: telling the difference
Despite the high prevalence of OSA, most patients are minimally symptomatic. About 15% of patients have moderate to severe sleep apnoea. 13 The vital issue in clinical practice is to identify those with OSA who have clinically important disease. Lack of clarity around goals of treatment can lead to excessive investigation, inappropriate treatment and patient disengagement. We believe the major goals of management of OSA should be:
• to identify and offer treatment to symptomatic patients, regardless of disease severity, whose safety and quality of life is affected;
• to identify and offer treatment to patients with severe OSA determined by PSG, regardless of symptoms, who may be at risk of adverse health outcomes; and
• to modify adverse lifestyle factors that contribute to OSA pathogenesis and other poor health outcomes. This may include advice on diet and exercise to lose weight, and encouragement to reduce alcohol intake and stop smoking.
Personalised care plans on a public health scale -the challenges of meeting the burden of disease
Optimal outcomes are usually achieved through an initial identification of the presenting clinical triggers, an evaluation of the symptom profile, and an exploration of the patient's treatment preferences and capacity to afford or comply with the range of treatment options. The workup for OSA must start with a careful clinical assessment to • Obstructive sleep apnoea (OSA) determined by polysomnography is highly prevalent, affecting about 25% of men and 10% of women in the United States, although most have few or no symptoms.
• Symptomatic moderate to severe OSA has major health implications related to daytime sleepiness, such as increased accidents, altered mood and loss of productivity in the workplace. Severe OSA may increase the risk of cardiovascular disease independent of daytime sleepiness.
• A major challenge is to correctly identify, from the large community pool of disease, people with symptoms and those at risk of long-term complications.
• For treatment plans to achieve quality patient outcomes, clinicians must have a clear understanding of patients' symptoms and their motivations for presentation, and be knowledgeable about the evidence surrounding the health risks of OSA and the relative merits of the various diagnostic and treatment options available.
• The diagnosis of OSA represents a teachable moment to target adverse lifestyle factors such as excessive weight, excessive alcohol consumption and smoking, which may be contributing to OSA and long-term cardiometabolic risk.
• OSA assessment and management has traditionally involved specialist referral and in-laboratory polysomnography. However, these services may not always be easy to access.
• Controlled studies have shown that patients with a high pretest probability of symptomatic, moderate to severe OSA can be managed well in primary care, or by skilled nurses with appropriate medical backup, using simplified ambulatory models of care.
• The future of sleep apnoea assessment and management will likely include models of care that involve early referral to specialists of patients with complex or atypical presentations, and an upskilled and supported primary care workforce to manage symptomatic, uncomplicated, high pretest probability disease.
Summary
Online first 17/10/13 identify patients who are likely to benefit from treatment. Clinicians must then select an investigation: either inlaboratory PSG, home-based PSG or simplified limited channel sleep testing. The test result must then be coupled closely with the clinical assessment to inform a personalised treatment plan. This plan should identify adverse lifestyle factors, overlapping sleep disorders and medical comorbidities (eg, hypertension, diabetes, depression, dyslipidaemia), and consider these when advising on OSAspecific treatments.
14 Box 1 depicts an algorithm that may assist the primary care practitioner with this process. There is no one preferred treatment for OSA but rather a range of options of proven effectiveness that can be applied individually or in combination, depending on patient preference, symptoms, OSA severity, comorbidities and other health risk factors (Box 2). Development of a personalised treatment plan requires the active involvement of the patient, partner and family in goal-setting.
14 For the health professional, it requires that they be sufficiently familiar with the field and the practical application of each of the available OSA investigations and treatment options. The complexity of this process has meant that OSA has been traditionally managed by a relatively small specialised workforce using the gold standard, in-laboratory PSG. However, patient access to specialist sleep services has been limited and alone will not be able to cope with the evidently large burden of disease. 12 The emerging landscape Given these service barriers, various simplified, lower-cost clinical models have been developed for OSA. These have incorporated screening questionnaires to identify patients at high risk of OSA, [15] [16] [17] [18] [19] simplified testing with homebased PSG or limited channel sleep studies (typically without sleep electroencephalography) and selected use of automatically titrating CPAP devices that lessen the need for supervised in-laboratory CPAP titrations. If patients are identified as having a high pretest probability of OSA and if major comorbidities and overlapping sleep disorders are excluded (Box 3), the use of home-based PSG or limited channel sleep testing and automatically titrating CPAP has been shown to produce similar or non-inferior patient outcomes to more traditional specialist referral and inlaboratory PSG approaches. [20] [21] [22] [23] Further, it has been shown that with suitable training and support from a specialist sleep centre, these management approaches can be applied effectively to uncomplicated OSA patients by nurses and primary care physicians. 24 A major challenge is how to translate and upscale these research findings from controlled settings to the "real world" to meet the demonstrably high community burden of disease while ensuring high-quality, holistic patient care. The current availability of open-access PSG has enabled primary care practitioners to become more involved in the care of OSA patients. However, few of these services currently select for high pretest probability of disease, nor do they train or adequately support the referring health care professional to ensure that they are sufficiently knowledgeable in assessment and personalised treatment of OSA. Some patients accessing this service model who are found to have uncomplicated moderate to severe symptomatic OSA may adhere to CPAP treatment and be successfully managed in primary care. However, there are no data available on the overall adequacy of CPAP treatment for patients with milder or 
Clinical assessment
If sleep service delivery at the primary care level is to be upscaled and the recently validated simplified models of care for OSA translated into routine care, there will need to be greater awareness around clinical assessment, goals of OSA treatment and the various available treatment options. Objectives of the clinical assessment are to determine the motivating factor(s) for presentation and the patient's symptom profile and pretest probability of disease, and to identify modifiable adverse lifestyle factors and co-occurring sleep problems. Collectively, these factors will have an important influence on the investigation and management pathway.
Why does a patient seek evaluation?
Identifying the patient's motivations for seeking help will influence the treatment recommendation and likely adherence to therapy. Patients present for three fundamental reasons:
• snoring causing social disruption or embarrassment;
• symptoms of unrefreshing sleep, daytime fatigue and sleepiness and its social or professional consequences;
• concerns that untreated sleep apnoea may contribute to adverse health outcomes.
Pretest probability of disease
The patient's and bed partner's reports combined with patient characteristics such as age, sex and body habitus help determine the pretest probability of OSA (Box 3). The initial assessment by the general practitioner or practice nurse can be assisted by the use of a simple 3-5 minute screening tool such as the OSA50 16 (Box 3) or Berlin 17 questionnaires, which have been validated in the primary care setting, and can be followed by the 8-item Epworth Sleepiness Scale questionnaire 25 to further screen for excessive sleepiness and thus identify those most likely to benefit from treatment.
In general, straightforward, high pretest probability symptomatic OSA (Box 3) may be suited to clinical assessment, home-based PSG and treatment in primary care. A high pretest probability of OSA will improve accuracy for limited channel sleep testing and homebased PSG and reduce equivocal results that need repeating in the laboratory. Robust testing of this model of care has demonstrated favourable outcomes; 24 however, it is predicated on primary care physicians and nurses having the necessary training to manage sleep disorders, being willing to engage in patients' management, and in having ready access to specialist backup when required. 23 Unless the primary care physician has acquired considerable expertise, less clear-cut cases are best referred to a specialist early in the clinical pathway, as are patients with high pretest probability, and patients with overlapping sleep pathologies and serious medical comorbidities such as heart failure and chronic obstructive pulmonary disease.
Clinical features of OSA
There are nuances to sleep history-taking that, if appreciated, will further enhance the clinical assessment and improve the chances of identifying the high-risk patient and increase the likelihood of a favourable treatment outcome.
Snoring: impression of snoring severity can be obtained from its reported frequency (variable or habitual) positional nature, or association with alcohol. A collateral history from a bed partner, if available, can assist although the description will be influenced by their tolerance levels. More severe snoring is associated with a dry or even painful throat in the morning. While chronic loud snoring is one of the most reliable pointers to OSA, the absence of a snoring history does not rule it out. Bed partners may be absent or unreliable, and silent forms of OSA exist. 
◆
Witnessed apnoeas: partner reports of breathing pauses during sleep, when available, are a useful guide to the presence of OSA. OSA patients are rarely aware themselves of apnoeic events, but when this occurs the patient may describe that snoring woke them, sometimes with a brief palpitation or sense of transient breathlessness. More prolonged choking to full wakefulness should prompt consideration of other causes such as nocturnal laryngospasm, an alarming but non-fatal symptom often triggered by gastro-oesophageal reflux. Reflux is more prevalent in OSA, 26 so both forms of nocturnal choking may coexist. Unrefreshing sleep and daytime sleepiness: contrary to conventional wisdom, excessive daytime sleepiness has been shown to have low discriminatory power for predicting OSA. 16 Community studies of OSA have generally found low rates of associated sleepiness and, when OSA is present, other causes including depression, sedative medication and inadequate sleep duration need to be considered. 27 Nonetheless, sleepiness in someone with proven OSA is a key consideration in determining the need for treatment.
OSA-related sleepiness is classically unrelated to sleep duration and should be distinguished from fatigue, an overlapping but less specific symptom. It is most pronounced in passive situations and enquiry should target these, including lunch breaks, meetings, seminars, watching television and driving (particularly long-distance driving or travelling as a passenger). Some patients avoid situations that induce sleepiness and thus do not spontaneously volunteer this symptom. Others are reluctant to self-report sleepiness because of perceived negative consequences for their driver's licence or occupation. The Epworth Sleepiness Scale (Box 3) is a validated and useful clinical guide for quantifying subjective sleepiness, 25 which assists but does not replace history-taking.
Investigation: home-based versus in-laboratory PSG
In Australia, Medicare reimbursement is provided for full PSG, conducted in either supervised (in-laboratory) or unsupervised (home) settings. For home-based PSG, patients are connected to the electrodes and sensors at the facility on the afternoon of the test and return home, or self-connect in their own home before bed, according to written, verbal or audiovisual instructions. Patients may perceive an increased level of convenience and comfort with testing in their own home, sensing a more sleep-conducive environment. When directly compared, one study showed 50% of patients preferred homebased testing, 25% preferred laboratory-based testing and 25% had no preference. 28 Comparison of homebased versus in-laboratory PSG showed reduced total cost for home testing 28 and high overall satisfaction rates for both forms of testing. 28 However, home-based PSG is associated with higher test-failure rates, partial signal loss producing equivocal results, 28, 29 and a tendency to underestimate sleep apnoea severity. 29 More severe sleep apnoea (high pretest probability) may overcome the shortfalls of partial signal loss and any tendency to underestimate severity, and this will improve diagnostic accuracy.
Limited channel ambulatory sleep testing
Limited channel devices dispense with electroencephalographic measurements of sleep and rely on one to four channels of respiratory data to assess the frequency and severity of disordered breathing events. The signals may include finger pulse oximetry and thoracic and abdominal impedance bands to assess respiratory efforts and oronasal airflow. One concern is that dispensing with direct measurements of sleep will underestimate OSA severity for patients with short sleep duration. However, there is reasonably good agreement between these simplified devices and inlaboratory PSG in measuring the frequency of disordered breathing events, and professional guidelines have given qualified support to their use. 30 As with home-based full PSG testing, their successful application requires careful screening to first establish a high pretest probability of disease, followed by test interpretation and treatment advice by suitably trained professionals with specialist backup, including further in-laboratory testing if required.
In Australia, there is no Medicare reimbursement for limited channel sleep testing, restricting its availability. Currently, this type of testing tends to be offered directly to the patient at various outlets and pharmacies linked to the potential sale of CPAP and other therapeutic devices, sometimes bypassing the medical profession entirely. 16 an OSA50 score у 5 was 100% sensitive (95% CI, 86%-100%) for moderate to severe OSA (ie, detected all cases) and an OSA50 score < 5 had high negative predictive value (100% [95% CI, 73%-100%]). However, the positive predictive value of the test was relatively modest (48% [95% CI, 35%-63%]), indicating that while it can be used to increase the pretest probability of OSA, patients who have a positive score (> 5) need to have a sleep study to definitively establish the diagnosis. † Measured at the level of the umbilicus.
Situation
Chance of dozing (score)*
Sitting and reading

Watching television
Sitting inactive in a public place (eg, a theatre or meeting)
As a passenger in a car for an hour without a break Lying down to rest in the afternoon when circumstances permit Sitting and talking to somebody Sitting quietly after a lunch without alcohol In a car, while stopped for a few minutes in traffic * 0 = no chance of dozing; 1 = slight chance of dozing; 2 = moderate chance of dozing; 3 = high chance of dozing. The ESS is a guide only. An ESS score > 10 is indicative of pathological daytime sleepiness. It is not a strong independent predictor of the presence of OSA; however, in established OSA, it is a predictor of response to treatment. Patients with lower scores (eg, 8-10) may also have mild impairment of vigilance in the day and should be evaluated.
◆
The evidence suggests that most modes of testing for OSA have a role when supported by a validated model of care. Currently in Australia, the extent to which sleep testing is coupled to an evidence-based model of care that ensures good patient outcomes varies widely. This situation is in part determined by the reimbursement scheme for testing and the regulatory framework.
Treatment, treatment failures and the disengaged patient
A comprehensive overview of all treatment options is beyond the scope of this manuscript, and international guidelines are available. 31 Options are summarised in Box 2. Identification of sleep apnoea is a teachable moment for the health care professional to guide the patient and suggest interventions to modify lifestyle and reduce weight. Thereafter, treatment considerations ought to extend beyond CPAP. Studies have shown large variation (17%-71%) in adherence to optimal CPAP (defined as average of у 4 hours per night). 32 More recent randomised controlled trial evidence suggests that mandibular advancement splints may be as effective as CPAP across a range of OSA severity, 33 although there is limited information on longer-term compliance. Newer surgical techniques are emerging for OSA and the combination of uvulopalatopharyngoplasty, tonsillectomy where appropriate, and a low-morbidity technique to reduce tissue volume at the tongue base shows promise in highly selected patients for whom conventional therapies such as CPAP or a mandibular advancement splint have been unsuccessful. 34 Adults with gross tonsillar hypertrophy and sleep apnoea are uncommon but often do very well following tonsillectomy. Some preliminary success is reported with nasal positive expiratory pressure devices, 35 although long-term adherence to treatment is unknown and patient selection needs more evaluation.
Overall, treatment for OSA includes a range of options, all of which have their unique challenges. Cost is a consideration and commitment is required to achieve long-term adherence. There is a risk that patients may not persevere with the treatment plan if the clinical assessment was not patient-focused and did not address key presenting symptoms or motivators. A negative experience has consequences in terms of lost opportunity if the patient withdraws from the therapeutic process. All patients should be clinically reassessed after a treatment option is tried, to ensure the treatment has been effective in controlling both OSA and its symptoms.
The future
The specialty of sleep medicine now has a robust curriculum, encompassing both respiratory and non-respiratory sleep disorders, and requires a full year of dedicated training. This will see larger numbers of specialists with sufficient skills to assist with managing the public health burden of OSA. Telehealth will also enable sleep specialists to assist health care practitioners and patients in rural and regional communities.
However, the large burden of disease is likely to be best served in the long term by an expanded trained pool of primary care and other health care providers working alongside sleep and respiratory specialists. In this model of care, sleep specialists working in a multidisciplinary environment would have as their major clinical focus complex or atypical OSA cases (eg, those with comorbidities or overlapping sleep disorders) or treatment failures. All modalities of sleep testing will be used in accordance with existing validated algorithms. These models of care will take time to evolve and will require changes to clinical guidelines and accreditation standards, the upskilling of the health care workforce, and government and private sector policy changes with respect to reimbursement.
